Abstract
road network (SRN). Up to 2013/014, Nepal has 12,494 km of Strategic Road Network. The total Strategic road network constitutes 3460 km of National Highways (NH), 6070 km of Major Feeder Roads (FRN), and 669 km of Minor Feeder Roads (FRO), 1032 km of Mid Hill Highway (MHH) and 632 km of Postal Road (PR). Around 6400 km of the SRN is black topped and the rest is gravel surface or earthen tracks [1] . The National Highway includes 1020 km of East-West Highway and North South Corridors. The traffic on the National Highway network ranges between 2000 -5000 AADT. The most of the black-topped roads are two lane highways with a paved surface 6 -10 m wide, consisting of surface dressing over granular base, with a limited length having an asphalt mix surface. The East West highway and the North South Corridor from Birgunj in South and Kodari in the North are the sections of Asian Highway. In Nepal, Road conditions are categorized on the basis of Surface Distress Index (SDI), IRI (International roughness index). A Visual survey of Surface Distress Index (SDI) carried out every two year to categorize the road conditions as good (SDI < 1.7), fair (SDI of 1.7 -3.0) or poor (SDI > 3.0). Based on SDI survey of 2013/14 5800 km of the SRN infers 57% in good condition, 31% in fair condition and 11% in poor condition [2] .
The Priority Investment Plan (PIP) has showed that Nepal is losing the value of $1 billion due to the lack of proper maintenance works [3] . Overall maintenance expenditure estimated by PIP (From 2007 to 2016) is Rs31.2 billion, representing 28 percent of the total that includes upgrading and the new construction. Regular Annual Maintenance (Rs11.1 billion) is calculated on a per km basis for a network length increasing from 7360 km in 2007 to 9930 km in 2016, plus a continuing allowance for non-SRN roads maintained by DoR. The Periodic Maintenance is estimated at Rs20 billion referring to a network of 9700 km, plus an allowance for the additional road length and on-going bridge maintenance [3] . But this budget requirement as identified by the PIP is not fulfilled each year. Maintenance management of the road is predominantly based on Strengthen Maintenance Division Process, which identifies routine, recurrent, periodic and emergency maintenance as the maintenance activity. All these maintenance activities are short-term and carried out through the short term contract with the contractor. Contractors do their work and are paid in the schedule of rate basis. Once the work is completed, contractors get the completion certificate and then they either leave or have least liability toward the completed work. The same goes for annual process of procurement. Construction starts the next year. The data show that contractor seldom returns to the work after completion for the correction of work. The road agency is more engaged in the procurement work and cost overhead is also high. Pilot performance based maintenance concept was imported in Nepal in 2003 by World Bank as an alternative maintenance approach sought the greater role of the contractor. Road Maintenance Contracts based on PBM have its own problems and challenges. PBM contracts are said to be imposed in Nepal by Donors without the appropriate preparation. The study will assess the performance based maintenance management practice in Nepal in term of cost, quality and service effectiveness.
Road Maintenance Practice in Nepal
Nepal Road Maintenance activities are primarily based on Strengthened Maintenance Divisions Program (SMDP) and performance based maintenance practice.
Strengthened Maintenance Divisions Program (SMDP) Practice
The Strengthened Maintenance Divisions Program (SMDP) was initiated in 1993 as a two year pilot project in two DOR Divisions after experiences made on road maintenance tested along the Lamosangu-Jiri Road. Phase I started in 1995 with the aim of developing a maintenance management system suitable for the maintenance of SRN in a planned way [4] . During Phase II (1998-2002) the Strengthened Maintenance Divisions (SMD) process was gradually expanded and covered 23 Maintenance Divisions. The phase III starting in July 2002, incorporate 2 remaining Divisions achieving ability to prepare ARMP by all 25 Division Road Offices (DROs) along with rational financial management in terms of budget heads and funding has been established. Phase III come to an end in June 2006 [4] . Thorough three phases, the SMD process was successfully introduced in 25 Maintenance Divisions with the assistance of SDC. The SMDP road maintenance management is based on planned maintenance system which mainly contain; Routine Maintenance, Recurrent Maintenance, Periodic Maintenance and Emergency Maintenance. (See Figure 1 ) Allocation of the annual divisional maintenance budget is mainly done on the basis of the Annual Road Maintenance Plan (ARMP) introduced by SMDP. DRO first prepared the Divisional level ARMP. Regional level ARMP is made by integrating Divisional level ARMP under its region through conducting a regional workshop. Afterward Intergrated Annual Road Maintenance Plan (IARMP) workshop is held to integrate the ARMP of all 25 Divisions under Department of Roads. Budget is allocated on the basis of priority of IARMP. ARMP process is shown in Figure 2 [4] .
Modality of Contract Implementation of Maintenance under SMDP
All the Maintenance activities defined in the SMDP process are carried out on the basis of short term schedule item rate contract, where contract perform the work as per the Bill of Quantities. After completion of the work, contractor gets the work completion certificate and there is not proper mechanism to monitor the work of the contractor afterward. The modality often brings improvement over force account maintenance practices; the results are in many cases still less than optimal. The problem is that the contractor has the wrong incentive which is to carry the maximum amount of works in order to maximize his profit. Under this modality, a lot of work is carried out and much money spend the overall service quality for the road users depends on the quality of the design given to the contractor who is not accountable for it [5] . In the entire maintenance contract under SMDP, DoR Engineers are directly involved from procurement to the implementation. There is no consultant outsource for the supervision of the construction work under maintenance contract. Contractor was selected on the basis of the lowest competitive bidding.
Performance Based Maintenance Contract (PBMC)
Performance-Based Maintenance Contracting (PBMC) is a contracting method that provides incentives and/or disincentives to the contractor to achieve desired outcomes or results; in its purest form, PBMC does not detail how, when, or where to do the work [7] . A PBM contract is an agreement between a government department and a private contractor whereby the private contractor maintains the road to achieve specified condition standards for a certain period of time in return for a fixed payment stream. Under the contract the existing road would be maintained on the basis of customer-based performance indicators, such as riding and strength quality, safety features, and roadside aesthetics. This allocates higher risk to the contractor compared to traditional contract arrangements, but at the same time opens up opportunities to increase his margins where improved efficiencies and effectiveness of design, process, technology or management are able to reduce the cost of achieving the specified performance standards [8] . The traditional method based specified maintenance contracts follow the construction-reconstruction cycle. While the performance based contracting ensure the road asset condition consistent and performing over the long period of time (Figure 3) .
Under Performance-Based Road Management and Maintenance Contracts minimum conditions of road, bridge, and traffic assets that have to by the contractor, as well as other services such as the collection and management asset inventory data, call-out and attendance to emergencies, and response to public requests, complaints and feedback are well defined. Payments are based on how well the contractor manages to comply with the performance standards defined in the contract, and not amount of works and services executed [8] .
The possible benefits for the implementation of the of PBMC mentioned in [9] are savings of cost for road maintenance works, risk sharing and assurance of quality by the contractor introduction of innovation, increasing the efficiency of the road authority and contractors, reducing the administrative burden, user satisfaction, achieving a sustainable road management system, increasing the flexibility of work, and increasing transparency and reducing the chance of corruption. Table 1 .
Performance Based Maintenance Contract Modality in Nepal
The Performance based management and maintenance contracts in Nepal generally comprises of General works, Maintenance works, Improvement works, Emergency woks, Day works (Figure 4) . Out of the above works, Improvement works are planned to be completed in first two years while maintenance works planned in final three years of the project. Performance Based Maintenance Contract in Nepal allows the bidders to compete for a fixed monthly lump sum fee per km of road for the maintenance of the road. The Contractors are not paid directly for the inputs but are paid for the output like the initial rehabilitation works to the predefined standards. The monthly lump sum remuneration paid to the contractor cover all physical and nonphysical maintenance service provided by the contractor except for the unforeseen emergency works which are remunerated separately. Improvement works are rehabilitation works which have been explicitly specified by the employer in the contract would be quoted on the basis of the measurable output quantities and paid as performed. In order to be entailed to the monthly payment for the maintenance services, the contractor must ensure that the roads under contract comply with the service quality levels which have been specified in the bidding document [5] . The Contract modality hence is not completely output based as the Bill of quantities on all above contracts contain the item of works and the contractor quote the rate for each item to compete for the bid. The PBM modality in Nepal only difference from the traditional contract, is that it specified the minimum service quality level as the desired outcome for payment in the maintenance part. The Performance Based Maintenance Contract modality in Nepal and its characteristics is shown in Figure 5 . The DoR directly supervise the PBMCs in the same way as in SMDP Maintenance Contract. A questionnaire regarding Performance Indicators and format of service quality inspection was distributed among the 30 engineers having experience working in Performance Based Maintenance Contract Result has been shown in Figure 6 . 60% of the Road Engineers suggested for the modification of the service quality inspection format of the service quality inspection format compatible to the Nepali Environment.
Payment to the contractor for performance based maintenance is made is 100% only for 100% compliance with service quality level after formal inspection. Payment reductions for non compliance with service level quality as determined on the basis of evaluation. Payments for each kilometer of road each month is the rate in the Bill of Quantities multiplied by the coefficient of compliance. Besides, the following reductions in the contractor's interim certificate are applied for the non-compliance of service quality on the following items.
Result of survey among the Engineer working in PBMC regarding Payment reduction provision is shown in Figure 7 . 4 Nos (13% of respondent) acknowledges the Penalty and Payment reduction provision provided in the current PBM contract. 10 Nos of respondent (33%) are just satisfied with the Penalty and Payment reduction provision made in the contract. Likewise, 16 Nos (54% of respondent) believes that the provisions of penalty reduction made in contract are not compatible and need modification.
Framework for Assessment of Road Maintenance Practice in Nepal
A basically five analysis components have been identified and defined to analyze the performance based a Table 2 . Service quality evaluation for 1 km section of the road [5] . 
Level of Service Effectiveness
In this section six components as mention above have been considered as the indicator for analysis the service delivery of the Contractor. The success of the PBM project depends on how well the contractor performs the above listed component. Table 4 and Table 5 show the service delivery of contractor. The data shows that Out of the seven running projects. In six projects, Contractor has set up the self control and mobile maintenance unit. However, they are not well performing. Self control and mobile maintenance unit is not established in one of the running project. Likewise, in six running project, contractor only carried out safety inspection of the road only occasionally in direction of Project Manager. In one of the project, it has not been carried yet. None of the project carried the weekly safety inspection regularly. Similarly, in six running project out of seven, Contractor carried out the Monthly Service Quality Inspection only occasionally in direction of Project Manager. In none of the project, the contractor has carried out the inspection regularly. In one of the project it has not been carried out yet.
In all projects, Contractor has carried out the Road roughness and SDI survey but it was not carried out regularly. Likewise, in only two projects, contractor has installed the Weighbridge where as in six project weighbridge has not been installed yet. Similarly, in all seven running project, the contractor has not maintain traffic data. The data shows that Contractors have not performed well in any of the six components for analyzing level of service effectiveness. A result of survey conducted among the 30 DoR engineers working in PBM regarding the performance and attitude of the Contractor shown in Figure 9 . 60% (18 Nos) of the respondent believes that Performance of Contractor is not satisfactory and they agree that Contractor is focus on earning the profit out of the improvement component of the PBM contract, and escape out of the responsibility and risk associated with the performance based maintenance in the later part of the contract. 12 Nos 40% of the respondent partially accepts it. No one say that the performance of contractor is good. 
Role of Road Agency
The analysis of level of service effectiveness concludes that enforcement of the contracts was not strong. So, it shows that the contract administration from the DoR side is weak. Result of survey among the Engineers working in the PBM contract regarding weak contract administration shown in Figure 10 . 27% says that it is because of lack of willingness and motivation. 53% of road agency says that they have the lack of proper knowledge on performance based maintenance and management. Similarly, 20% sticks to SMD process and they believe that Department of Road should stick with SMD process rather than PBM contracts. So, DoR's experience with performance-based contracts has not been fully positive, as they have faced a number of problems in implementation. These problems are in large part related to disputes between DoR and contractors regarding the responsibilities of the different parties. The major causes of the dispute are the quantities of the backlog maintenance, road deterioration due to increasing traffic volume, overloading vehicles. Furthermore Unforeseen situation, Frequent change of the DoR personnel, delay in budget are also other hindrance for the effective implementation of PBM in Nepal.
Quality of Service
The performance indicators like Surface Distress Index and Road roughness Index provides the basis for the comparison of level of quality service of the PBM roads with the same roads with the maintenance practice based on the SMD practices. The data published by the HMIS unit is the basis for analyzing this section. The Table 6 Figure 11 shows that time series data in the project road during the SMDP process reflects somehow uniformity in the road roughness index, as all the roads are in the Fair pavement condition (IRI between 4 and 6). So the minimum performance standard of IRI expected during the performance based maintenance period is the fair Figure 11 . Time series of IRI in contract roads over time. Table 7 There are altogether 21 Numbers of samples of Road Roughness data. Based on that data, hypothesis has been created to verify whether the road conditions have been improved, degraded after implementation of Performance Based Maintenance and Management Contract.
Type of hypothesis: paired T-test for difference of means (analysis of service quality in term of road roughness index)
Diagnosis for selection The sample sizes are equal n 1 = n 2 (<30) The sample observations (x 1 , x 2 , x 3 …, x n ) and (y 1 , y 2 , y 3 …, y n ) are not completely independent but they are dependent in pairs. i.e. the pair of observations (x 1 , y 1 ), (x 2 , y 2 ), (x 3 , y 3 ) …, (x n , y n ) correspond to the 1st, 2nd, 3rd …, nth unit respectively.
Let, x 1 , x 2 , x 3 …, x n be the Road roughness index of the sample roads before implementation of Performance Based Maintenance and Management Contract.
Let, y 1 , y 2 , y 3 …, y n be the Road roughness index of the sample roads after implementation of Performance Based Maintenance and Management Contract.
Null Hypothesis: H0: μx= μy or đ = 0 i.e. there is no significant difference between road roughness before and after implementation of Performance Based Maintenance and Management Contract.
Alternative Hypothesis: H1: μx < μy or đ < 0 i.e. there is the increase in the road roughness after implementation of the Performance Based Maintenance and Management Contract.
Test Statistics
Under H0, the test statistic is,
Sample variance of the difference 1 Decision: Since, calculated value of t is greater than the tabulated value of t at 1% level of significance, H0 is rejected and hence H1 is accepted. Therefore we can conclude that there is increase in road roughness of the road after implementation of Performance Based Maintenance and Management Contract.
Discussion: The time series data during the SMDP process from Year 2001 to 2002 shows that SMDP process was well implemented in all the road section as the road conditions were fair between that period. The performance standard based on IRI in the initial road condition survey expects the road to be in fair condition (IRI between 4 to 6 m/km) during the performance based maintenance period. It was essential immediately to conduct the periodic maintenance work in these road sections under SMDP process at the early 2005. But in most of these roads the improvement works under Performance Based Maintenance Contract only completed at the mid 2007. This has show the backlog in the maintenance work and that was one of the reason behind worsens the road condition. The contract modality of performance Based Maintenance Contract is based on the input based bill of quantities, and any increase in the backlog has created the increase in the pretreatment work before the improvement work. The modality of the contract under Performance Based Maintenance Contract was not able visualize that risk. In overall, the contractor was not able to maintain the performance standard based on IRI. Another reason for de Terioration of road pavement is the overloaded traffic and increasing traffic volume in the later part of the year. The project pavements are design only for 10 ton axle load, while the truck transport vehicles with 15 to 20 ton axle loads ply on these roads. Although contract have the provision of axle load control through installation of weigh bridge, road the contractors could not succeed in operating the weighing machines due to lack of support from law enforcing authorities.
Cost Analysis
One of important aspects for the evolution of the performance based contracts is the cost savings. Cost comparison of the PBM roads with the same roads with the maintenance based on the SMD process is analyzed in this section.
Cost Distribution Analysis
The Performance based management and maintenance contracts in Nepal generally comprises of General works, Maintenance works, Improvement works, Emergency works and Day works. The cost distribution patterns of the project based on the Performance Based Maintenance and Management Contract is shown in Table 8 and Figure 12 .
The pattern shows improvement work component varies from the minimum of 67.32% of total contract amount in project RNDP/LCB/PBM3 to the maximum of 85.18% of total contract amount in project RNDP/ ICB/HN. The maintenance cost pattern shows the maximum percentage of 19.95% of contract amount in project RMDP/PBMC/ICB02 to minimum of 0.7% of total contract amount in project RNDP/ICB/HN. The cost data shows that in only RMDP/PBMC/ICB02, Maintenance work contains a significant percentage and other projects constituents less than 8%. Figure 12 . Cost distribution patterns.
Discussion: the rationale behind the cost distribution pattern analysis is to analyze the bidding behavior of the contractor. Improvement work generally consists of the surface dressing work in all of the contracts. The improvement works have to complete within 18 months, in overall, 75% to 90% of the contract amount has to be spent in first 18 months of the five year project. This shows the front loading behavior of the contractor. Low bidding with regard to the maintenance phase of the PBM projects meant that there was little incentive for the contractor to retain an interest in the project. The contractors were not aware of the risk in the maintenance part of the contract. But the real situation is the condition has caused the objective with the PBM project formulated was not achieved. Such front loading is mitigated through the specifying of minimum threshold amount or contract values that must be included for the monthly payments for the required maintenance period.
Cost Efficiency Analysis
Comparison of the maintenance cost based on the SMD practice and PBM is carried out. In SMD practice, Total annual maintenance costs sum of the routine maintenance, routine bridge maintenance and the recurrent maintenance cost. Routine maintenance cost and routine bridge maintenance cost is computed using the norms and rate of the concerned maintenance divisions at that period. Recurrent Maintenance cost is computed using the rate of the similar nature of the neighboring road section. The total maintenance cost for the whole period based on SMD practice is computed. Reviewing the trend of the Contractor bidding behavior average discount of 40% is applied to the total maintenance cost based on SMD. Likewise, for Performance Based Maintenance Contract, whole maintenance cost for each of project for overall project period is calculated. The overall total cost situation for each of the practice is presented in Table 9 .
The cost comparison made between the two shows that Performance Based Maintenance Contracts are more cost saving than the SMD Maintenance practices. The minimum cost saving of 0.82% is observed in contract RMDP/PBMC/ICB02 and the highest cost saving of 54.08% of maintenance cost is observed in contract RMDP/PBMC/ICB01. The cost saving from 31.6% to 42.05% have been observed in the other projects. This does not considered the saving of overhead of each year procurement which have to be done in the case of SMD Process.
Conclusions
It was concluded that that contractors had not performed well in any of the six components for analyzing their performance. Likewise, it was found that road agency was weak in administrating the contracts. There was no improvement in the service quality of the road in term of road roughness of the road after the implementation of Performance Based Maintenance and Management Contract. Cost distribution patterns of the project road show that improvement works occupy the bigger proportion of the contract amount and that maintenance works constitute lesser proportion of contract amount. This concludes the front loading behavior of the contractor and least preference of the contractor in the maintenance part. Cost comparison between the maintenance based on PBM and SMD practices shows that there is a significant cost saving from the Performance Based Maintenance and Management Contract. Implementation of PBMC was not successful in Nepal as Road Asset condition was not maintained to performance standard. One of the reasons is the weak service delivery of contract or alongside weak contract enforcement from the road agency. Finally following recommendations are made for the effective implementation of the Performance Based Maintenance and Management Contracts in Nepal.
1) The present contract modality of schedule of rate contract breaking into various improvements, emergencies and maintenances was not realistic instead. The contract should be made into lump sum output based contract like Design Build with more risk to the contractor. The more recent OPRC contract can be a good option. 2) Proper discussion with time frame among all of the stakeholders to modify and develop the PBMC document compatible with Nepali Environment and its implementation. Service quality indicators, inspection format, penalty reduction provision specified in PBM contracts are not quite compatible to Nepali Environment and so it needs modification. 3) Role of the consultant should be sought for execution of the Performance Based Maintenance Contract. 4) Proper capacity development in the form of extensive training among all stakeholders including contractor.
Institutional strengthening component can be added in the PBM contracts. Separate PBM unit under Maintenance Branch of Department of Road can be established which will regularly monitor the PBM contracts.
